Aim: The aim of this study was to elucidate the relation between premorbid personality traits and behavioral and psychological symptoms in dementia (BPSD) in dementia with Lewy bodies (DLB) and Alzheimer's disease (AD) patients.
D
EMENTIA WITH LEWY bodies (DLB) is the second most frequent dementia after Alzheimer's disease (AD), 1 and compared with AD patients, DLB patients develop behavioral and psychological symptoms in dementia (BPSD) at an earlier stage of dementia.
2 DLB patients also develop delusions, hallucinations, apathy, and sleep disturbance beginning in the very mild stage of dementia (Clinical Dementia Rating 3 = 0.5), 2 which can place a burden on caregivers that exceeds that experienced by AD caregivers. 2 Indeed, the caregiver burden from BPSD can be greater than that of the cognitive decline itself, and a recent review article linked BPSD with psychological distress and depression in caregivers. 4 BPSD often lead to the hospitalization or institutionalization of older adults with dementia.
BPSD are the result of biological, psychological, and social factors 5 and countermeasures therefore include medication for biological factors, psychological intervention for psychological factors, and environmental coordination for social factors. A recent review article reported that psychosocial interventions reduced BPSD, such as depression and agitation. 6 Among the psychosocial interventions for BPSD is person-centered care, in which the principle idea includes 'treating people as individuals. ' 7 This approach is helpful for understanding patient personalities. 8 Several studies have reported relations between the premorbid personalities of patients and the BPSD they experience. For example, premorbid neuroticism is associated with mood, and premorbid agreeableness is related to agitation, apathy, and irritability in dementia patients, particularly AD patients. [9] [10] [11] [12] [13] However, to the best of our knowledge, no studies have explored relations between premorbid personality and BPSD in DLB patients.
The aim of this study was to investigate and compare the relation between premorbid personality traits and BPSD in DLB and AD patients.
METHODS

Study participants
This study included 41 DLB patients and 98 AD patients, all recruited through the memory clinic at our hospital. AD is the most prevalent dementia. Several studies have reported relations between premorbid personality and BPSD in AD patients. For the comparison to DLB patients, AD patients were recruited for this study.
The patients underwent general physical, neurological, and neuropsychological examinations, including the Mini-Mental State Examination (MMSE).
14 Structural neuroimaging (head computed tomography or magnetic resonance imaging [MRI] ) and routine laboratory investigations, including those for thyroid function, were also performed. Exclusion criteria included a history of: stroke; significant head trauma; alcohol abuse; major psychiatric illness, such as schizophrenia and depression; or evidence of other neurological disorders that compromise cognition.
Clinical diagnoses were made by agreement among three psychiatrists (K. T., F. M., and J. N.) who specialize in dementia. DLB was diagnosed according to the consensus criteria for DLB, 15 and the diagnosis of AD was made according to the National Institute on Aging-Alzheimer's Association workgroups' criteria.
16
BPSD and premorbid personality assessment
BPSD were assessed during the first medical examination at the hospital through a face-to-face interview with a family member or other caregiver in regular current contact with the patient. The patients' premorbid personalities were assessed through face-to-face interviews with the same family members. These family members included 38 spouses and 101 children.
Ethics
This study was approved by the Institutional Ethical Board for Epidemiological Studies of Asahikawa Medical University. All patients gave informed consent, and their anonymity was preserved.
Measures
BPSD were evaluated using the Neuropsychiatric Inventory (NPI), 17, 18 which contains 10 subscales of BPSD: Delusion, Hallucination, Agitation, Depression, Anxiety, Euphoria, Apathy, Disinhibition, Irritability, and Aberrant Motor Behavior. For each of these subscales, the family member or caregiver was asked to rate the severity from 0 to 3 and the frequency from 0 to 4. NPI composite scores were calculated by multiplying the severity and frequency scores; the possible composite scores therefore ranged from 0 to 12 for each subscale. The total NPI score was obtained by summing the scores across the 10 domains.
For the assessment of each patient's premorbid personality, the family member completed the NEO Five Factor Inventory (NEO-FFI) 19 in a face-to-face interview with hospital clinical psychologists. This inventory is based on the Five-Factor Model of personality, which is widely used in personality research and comprises the domains of Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness. The NEO-FFI has been shown to be a reliable retrospective measure of premorbid personality in AD patients. 20 The family members were given the following instruction: 'For each statement, please choose the response that best represents your opinion of how you remember your relative in his or her 40s.' The NEO-FFI contains 12 items relating to each of the five personality domains, and each item is rated on a 5-point scale (strongly disagree, disagree, neutral, agree, and strongly agree). Scores range from 0 to 4 for each item and the maximum total score for each domain is 48.
Statistical analyses
Associations of the premorbid personality factors of neuroticism, extraversion, openness, agreeableness, and conscientiousness with the individual NPI domains and the total NPI score were evaluated using Pearson's correlational analysis. Multiple regression analyses were carried out with the individual NPI domains and total NPI score as dependent variables, using the backward elimination method, with the premorbid personality factors of neuroticism, extraversion, openness, agreeableness, and conscientiousness as independent variables. Age, sex, and MMSE score were added to the models as forced-entry variables. The analyses were performed using IBM SPSS Statistics 21.0 for Windows (IBM Corp., Armonk, NY, USA).
RESULTS
The demographic and clinical characteristics of the participants are shown in Table 1 . The DLB patients were older than the AD patients and had completed fewer years of education. The DLB patients had lower MMSE scores and higher NPI total scores. Tables 2 and 3 show the correlations of premorbid neuroticism, extraversion, openness, agreeableness, and conscientiousness with the individual NPI domains and NPI total score. In the DLB patients, premorbid openness was significantly negatively related to total NPI score and anxiety, and premorbid conscientiousness was significantly positively related to agitation. In the AD patients, premorbid neuroticism was significantly positively related to depression, premorbid extraversion was significantly negatively related to apathy, premorbid openness was significantly negatively related to irritability, and premorbid agreeableness was significantly negatively related to apathy and irritability. Table 4 presents the multiple regression analysis for the DLB patients. The score for premorbid openness was significantly negatively associated with the total NPI score (partial regression coefficient [B]) = −1.504; 95% confidence interval [CI], −2.771 to −0.237) and with the NPI score for anxiety (B = −0.263; 95%CI, −0.505 to −0.022). The score for premorbid agreeableness was significantly negatively associated with the NPI score for delusion (B = −0.325; 95%CI, −0.611 to −0.038). The score for premorbid conscientiousness was significantly positively associated with the NPI score for agitation (B = 0.220; 95%CI, 0.046-0.394). Table 5 presents the multiple regression analysis for the AD patients. The score for premorbid neuroticism was significantly positively associated with the NPI score for depression (B = 0.090; 95%CI, 0.011-0.168). The score for premorbid agreeableness was significantly negatively associated with the 
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DISCUSSION
We investigated the relations between premorbid personality and BPSD in DLB and AD patients. The adjusted multiple regression analysis for DLB patients showed significant associations of premorbid openness with NPI total score and anxiety, premorbid agreeableness with delusion, and premorbid conscientiousness with agitation. In AD patients, the adjusted multiple regression analysis showed significant associations of premorbid neuroticism with depression, and of premorbid agreeableness with agitation, apathy, and irritability. These results suggested that low premorbid agreeableness in DLB patients may lead to later psychological symptoms, such as delusion, whereas in AD patients, it may lead to later behavioral symptoms, such as agitation, apathy, and irritability.
Multiple factors contribute to the appearance of BPSD. Animal studies can investigate the cognitive symptoms of dementia, such as memory loss, but studying the relation between personal traits and psychiatric symptoms is difficult in animals. Therefore, the mechanisms of these relations have not been fully elucidated. A review article 21 about the neurobiological basis of BPSD among AD patients mentioned that psychopathological, neuropsychological, biochemical, and psychophysiological methods have been used to study behavioral and psychiatric problems.
Relations between BPSD and functional and pathological brain changes have been reported. Studies of DLB patients using brain perfusion single-photon emission tomography and 18 F-fluoro-2-deoxyglucose positron emission tomography showed that delusion was associated with dysfunction of the frontal cortex 22 and hypometabolism of the right frontal cortex. 23 In AD patients, apathy was associated with a pathological change in the anterior cingulate bilateral frontal cortex according to the results of structural MRI 24 ; agitation was associated with hypometabolism of the frontal and temporal lobes based on the results of positron emission tomography 25 ; and pathological changes in the insula and the anterior cingulate cortex were observed with structural MRI. 24 Thus, frontal lobe changes were related to delusion in DLB and to apathy and agitation in AD. Although the detailed mechanism is unknown, these differences may be related to differences in the associations of premorbid personality with BPSD between DLB and AD.
Compared with AD patients, DLB patients reportedly have higher NPI total scores and a greater frequency of delusion, hallucination, and anxiety. 2 High scores with wide distributions had more statistical power in regression analysis. These results support our finding that premorbid personality had significant effects on NPI total score, delusion, and anxiety in DLB patients.
One large-sample study in AD patients 9 reported that neuroticism showed no significant relation to 'affect,' an outcome that combined elation, anxiety, and depression. However, consistent with our findings, several studies [10] [11] [12] [13] showed a positive relation between premorbid neuroticism and depression. Thus, because the former study used a combined outcome, not depression alone, we believe that premorbid neuroticism can affect depression in AD patients. We also found significant negative relations between premorbid agreeableness and agitation, apathy, and irritability in AD patients, and these results were also similar to those of a previous study. 9 Therefore, we hypothesized that there are differences between DLB and AD patients in the associations of premorbid personality with BPSD, although their mechanisms remain unknown.
Multiple factors contribute to the appearance of BPSD, including biological factors (such as neurochemical abnormalities and neuropathological changes of the brain), social factors (such as family history, domestic arrangements, and institutionalization), and psychological factors (such as past psychiatric history, and premorbid personality). 5 Thus, BPSD may be influenced by these psychological factors as premorbid personalities, although the magnitude of the effects of psychological and biological factors on BPSD may vary among the different types of dementia. Our study did not evaluate biological factors, and additional studies of BPSD that evaluate biological and psychological factors simultaneously are needed.
We investigated the relation between premorbid personality and BPSD in DLB and AD patients and found that these relations likely differ between different types of dementia. The study participants included patients with the major dementia subtypes DLB and AD, but in other types of dementia, such as vascular dementia and frontotemporal dementia, premorbid personality may have a different effect on BPSD, although a previous study reported no significant relation between premorbid personality and BPSD in frontal lobe dementia patients. 26 According to a recent review of personalized psychosocial interventions for behavioral and psychological symptoms, 6 evidence supports the value of personalized pleasant activities in the treatment of agitation, and reminiscence therapy to improve mood. A cluster-randomized controlled trial reported that personalized intervention and personcentered care reduced agitation in patients at French and Australian residential care sites. 27, 28 The principle idea of person-centered care consists of four factors, 7 one of which is treating people as individuals. Tom Kitwood, who proposed person-centered care, emphasized the importance of recognizing the uniqueness of each person through the exploration of personality. 8 However, previous person-centered care interventions did not include the recognition of premorbid personality in detail. Because premorbid personality may predict the types of BPSD that develop, adding premorbid personality evaluations to person-centered care may help reduce BPSD.
This study has several limitations. First, the BPSD and premorbid personality of each patient were assessed on the basis of information from a single individual. However, these individuals were family members or other caregivers who had regular current contact with the patient, and the assessment was conducted through a face-to-face interview at the hospital. Individual responses to the NEO-FFI reportedly have adequate reliability, even when the inventory is used as a questionnaire. 9, 20 The same informants provided both the NPI score and the NEO-FFI score for their respective relatives, and the evaluation of personality traits may be affected by the current status of the patient. However, other recent studies have used the same informants to provide both scores. 9, 10, 13 Thus, in retrospective hospital-based studies, current informants are needed to evaluate personality traits. Therefore, we used interviewers (not paper-based questionnaires) to obtain both scores that considered the patients' prior personality traits. Second, the study was restricted to one hospital in Japan; however, this facility is the dementia center for the region. Third, the sample size was relatively small. However, the prevalence of DLB is lower than that of AD. The sample size of previous studies of AD patients included between 28 and 410 participants. [9] [10] [11] [12] [13] 29, 30 Although we used the backward-elimination method and needed to introduce premorbid personality variables separately in the models, we believe the significant results have clinical meaning because they were adjusted by age, sex, and MMSE score. Fourth, our study could not clarify the mechanism through which BPSD develop. A recent review of BPSD 5 reported that apathy was related to structural changes of the anterior cingulate gyrus, but depression was not related to a specific structural brain region. The author stated that neuropathology alone cannot account for the heterogeneity of BPSD, which is influenced by various factors, including premorbid personality. Finally, as previously mentioned, biological factors were not included in the models.
In conclusion, premorbid personality traits affected BPSD differently in DLB and AD patients. Further research considering neurochemical abnormalities and genetic susceptibility is needed to elucidate the association between premorbid personality and BPSD.
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